I Semmory: Sebutions of ay” + by’ + & =10

| Roots of ar® + br+e=10
ry, r; real and distinc
R=n=r

ri. rz comples: o

SECTION 17,2 HONHOWOGEREDUS LINEAR EQUATIONS [0 1047

CGreneral solulion

yo= " pxe™
y =" + caxe”
+ g y = ¢*r; cos Bx + ¢z sin Br)

U_L'! 17.1 Exercises

1=t3 m Solve the differenbal egustson

Loy =6y + By=10 Ly -4y +8r=0

By B+ 4ly=0 Ly -y—y=0D
L —2y' +y=10 b W =5
L4y +y =0 B OI6y" + 24y 4 Oy =10

3-4.'!" + _T' =0 1a. ';I_r'+4_|.'=|:|
dy ;Y d*y 'y
o E L L A ol SR -
“’m-‘ = { I:.ﬂ, ﬁma--xy 1]
v av
ke = g
2 e

V=16 01 Graph the two basic selutions of the differential equation
* e several other solutions. Whit features do the solutions have in
gommon”

Ly dy
Lt — D o 2
de®  dr R

4 dy
it b A
d'y dy
— e e Gy
dx =

1 Salve the initial-valise problem.
B 4S5y 4+ 3y=0, pO) =3 yi0h=-4
Fiy=0, ¥i0)=1, yi0}=3
=~ dy + =0 p0=1, ¥=~135

17.2 Nonhomogeneous Linear Equations

MW 3" +5 =3Iy=0, pli=1, ¥id)=4
M, ¥+ ey =0, viwdy= =3, ¥iwfd)=4
Wy -2+ 8y=0 pwv=10 »ia=2
1y + 2+ 2y =0 =2 ¥l =1
oy + 12y + My =0 =0 yill—=1

75-32 m Solve the houndary-value problem, il poseible.
15 4y e y=, y0h =3, ylzl=-4

Wy + 2 =0 =1, ¥l)=2

Wyt =W +2y=0, yoj=1, w3i}=0

By + 10y =10, yil) =2 ylmh=3

Moy —6y + [y=0 yll=1 vm -2
Wy -6 A Gy=0, yii=1, ¥li=0
3.+ 4y + 1Ay =0, ¥ll=12 ylm 2

§2. 9" - 1y £ 10y =0, pil =0, wiwl

13, Let L be a nonzere real number.
{n} Show that the boundary-valie problem y° + Ay = 0,
i) = i, (L} = O tas only the trAvial solution v = 0 for
the cases A = O and A =< (L
{1 Far the case 4 = 0, find the values of A for which this prob-
temn has & noatrivial solution end give the comresponding
solation,
M, If o, b, and ¢ are all positive constants and yit) 1s o solution
of the differential equation ay” + by + cy = 0, show that
fim—= ¥ix) = (X

i

I this section we leam how 1o solve second-order nonhomogencous linear differential equa-
tions with constant coefficients, thal s, equations of the form

o+ by ey = Glx)
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Then Yo ™ W) C05 X by sin X — iy S0 X — i eos
iy : &
For Ve LD be i solution we must hirve

1] ¥y 4 ¥p = HjCOS X — wbsiny = lanx

Solving Equations 10 and [ 1, we get
uyisin'y + cos’z) = ¢os x lin x

U = Simx ulrh = —=cos x

{We seek a panticular solution, so we don't need a constant of integration here.)
from Eguation 10, we obgtin

: sinx sint  cos’s = |
= — e = = CO5 X — SEC %
CU8 X 05 X Cig T
S0 il ¥} = sin x — |nlsec x + 1an x)

(Mote that sec © + tan x> O for 0 < 1 < w2} Themwfone

1

wdx) = =cos x sinx + [sinx — Infsec x + 1an 1)) cos'x
= —ok f Infsec © + fan )
and e general solution i
vix) = ¢ sin ¥+ crecosr = eos x Injsec v+ tan x) [

Jll[17.2_ Exercises

1-18 1 Solve the differeniol eguation or initial-vilise problem

L 23" ' b y=| +cosldy

using the method of yndetermined coefficients.

Lo A+ 2y =0

Lo+ 0y =t

13-18 i1 Wrile a trizl sodintion for the method of undeterminsd
cielfictenis. T not determane the coefficients.

N v+ 8y =™ + 0 8Rx

1" — 2 = wndx (Rl o e T
L=y A=t b V24 Y =gt
Ly te=¢"+x% =2 g0i=0

By — dy=pioogr, yiDh=1. ¥0)y=1

Ly — ¥ =aet W) —=2, )=

oy +y —dp=x+sinly wil=—1 ¥idi=0

B 11-12 w Graph the particilar solution and several other solutions.

What choracieristics do these selutions have in commonT

Wody + Sy +y=o

M, "+ 0y = ve''cos m
15 v + 0y
W v+ 3y — 4y = )+ et

T 3"+ 2y + 10y = x'e  coa-Ax

|+ 3™

W v +4vr=¢"+ x5in s

19-27 u Solve the differential equation wsing (a) undetermined
coefficients and (o) variaton of porameters.

M 9" +dy =z M v — 3y 4 Iy=gin K
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SECTION 17.3 APPLICATIONS OF SECOND-ORDER DIFFERENTRAL TObnigyy = 1158
4

e ¥ = 2y oy g o p !
H. ¥ - 1_‘[ + Ay = ]_-I T
_n_ - <) N e
"+ 3 4+ Iy = ginle”)
11=18 w Sodve the differentinl equotien using e method of varis " e £

tipn of parameiers
Mo v=xpo o, < o< @f?

W™ v ool x, )=y owf T

J!;: 17.3 Rpplications of Second-Order Differential Equations
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Second-order linear differential equations have o vanety of applications in science apd
enginearing. In this section we explon: two of them, the vibration of springs and electric
circuits,

Ilj Yibratiag Springs

We consider the motion of an object with musz m ot the end of o sprang that is ¢ither ver-
fcal {as in Figure ) or bomeontsl oo level surfics (s in Figure 2).

In Section 6.4 we dizcussed Hooke's Law, which says that if the spring 1s streiched (or
compressed) o units. from its natuenl length, then it exerts o force that is proportional to 1

restoring force = —Ey

whiere k 15 a positive-constunt (called the spring constant). 17 we igone any extermal resis
ing [orces (due to air resistance or (retion) then, by Newton's Second Law (force equals
frakss thmes pecelenition), we have

d*x dx
e o 0f m—+ ki =1
i e ) L dp?

This is o second-order linear differential equation. Its puxiliary equation is me® + & =0
with roots r = Zwi, where w = ' k/m, Thus, the genera] solution i3

FUF] = oy s el o+ e Sin sar

which can also be wrinen as

rlt) = A cosf{wd + )

where w = Jkfm dfrequency)

A= c] + c§ darplinilis)
£ Cs

cog o= — s = —— [ ke phuse snplel
A A

(See Exercise 17.) This tvpe of motion is called simple harmanic mation
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